“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


2000-03-01 


Estimating operating and support models for 
U.S. Air Force Aircraft 


Wu, Ming-Cheng. 


Monterey, California. Naval Postgraduate School 


http://hdl.handle.net/10945/7679 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
3 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http: //wwwenps.edu/library 











































































































RT U u ee Rae oe ogee - cda Me Pal gt fot) MS Rote ata IA LT ENE NR PIDA AE a E MEE yer » a ane d poc es, 78.1.2 " Vy rt tee ^ ad t "ee beg? Y >». MIET E 7 TI mii v" ETF bs) Adie ee Bde ee 22 27.4 
A A A EEE ee ERE EP A : | A er M eg axe Sa ee Mer u ea ASES LE N IL PIE ER NER eid 
unit. " TE NER Porto LA Sod dis ih RT IE TEC ER NILUS SA wenn. y v peer PA er , weeny) A g pete te ete MES bá is Da BM In N Er E A en Dap eet 
TR a ae hl E pr AA dal ES pil" PA ere P PP LP L Edie SI PIAR AS A u TL IT Pe port rp agi y ' Pete dal TE rit be 

DEP TFT IL FL nae " A RT wette a AA AE bd] d are EL f i a "PIX T ”. RN" un. Tm * se tae . h TER FI CY E ag. Lind bé 

u EHRE is el Lp ie a Ltd DS PA A Wr o. eo q» CO pm 2.020 1 se OTR a PLP yop it Pe ee e o Re e. bride M rie Pera NE Puri M qu e cr ri HTa e 
pri AA Dan A A A AS OT O PPP T PEEL PI P. P E be og TT SU > A min IAS Aa A ri Az e | Br eh ied oed Bes 
he RE pit = E AA ee PI E Lr BT ren, green Pe NH Fo ne A ¡o Ah AMAS an MA d pen Meshes 
uf. ana de te: pope pe en ER tr nn A ps pe "CUT eds m7 E PP" po UU PE PH ANNA B plaga dte AH Tti rg Lab ee rea ps. Cd ii] Ls rede Gd el 
t COMPE p bacis d DIR LT LTE dis Es Hye a DELETE roars et LH e 9 7 ee 18 Gy Nahe « et eget tay Cee pare ise do A ap d rate! ELO TES! > d D 
er ee DER act Re 1 Ac dr m SPERO ep AE N AT rg e JR e en as cta I I MIC R EA ei ad Leg a ag va 

ad pai D i» . 2 E T N . . P y n .. LY- : a y = » E ul > L1 wey Chak te ho pe „u. La e 
A OSes - beca góp m XP ; PEE ^ ps ATA VERLA, RL s ELLA) PAT Tekan ae CR TOL he : ARA lO 
e ES IO MAS , Pec T T MT are) y a a pe “nn... rt ge rt 9 £642 qva 2:9 09. a te 9e ON 


PA wng TS tan, NIN A nte 





A] 











TER SEPT ID ar trus qs per pa 





Kemer A 






























AA abd PT et lee "LAS ef x SAS SAT nk ap A EUER pot ue. 
e Hood dec aa AH NORTE A ed tede T. LIE BEP Pete acr e E Ch Ur IP AE LT MEC ah eae le DAGA A A 
A e E E de do not a nn A IA ms a OA ote 
p Pr TET PT ars us st t a a e P Ty whe » sae AL DO Od ey N uie ¡CN o AAA e 
ETA E ADS eo soos PASA n WE A a TA AAA a Se g^ slo 





nr Ze 





-Arty A 
Rt ara 
Ed RJ uf Bad 

PET ar Pe ei ER 
MAI DIO a Mos 
De aetates od 


Pn M 
d 





E 
rr 

OL A 

LT 2 a 


A N a] y . y 

L EEE IIA Is Ta 
MA Al da o AAA N rere 
see hl Ld ad Cs E | B Ln La S: BITE TM 
LIA oe Al ee at he LT TIP I 
AA ER SS béo LP LIT 


UTA DIAS 





»41^ 






u; pa A 5 PLI 

e pneu erac e 
Ur i eaae i i ES ^ 
naam ane) 
















R LP m y” 


ELIAS v A 
x fem en 





$ 
az, 





















































































































































p s — "f dre Maid TRITT N PII AT ^ 4 

a dr the DIA u LA. HEN das IEA EI A cocoa LL diia liar ER tte 
PP rn BAR f Pan Ee el ad LE olei. dan uM EL sens detta E = N ER Ue LTE LEE CN har bo pt ía ns NEL Te 
a et > deter “ia wd sik pir pide PA aF ORAL TTET diaid DEE Papia en s a Pre p E. ied P e abes n PER e en SINO AROS A INIA lo A nig u. a Mie (teta eis REST va 
re A i ar rrt eal dee V We6 | o Bpth oat, had p Ag uh "ead CT aT d LT d u...” dl M H a oer ANIME n =. ^ p =. ^ Y A nus A A un ee TC BE Leer M e idi e PETE Eee 
AA A liuic rn s le Medios deo prr pci tiep C EAT A bets ET gL EL ED ver Lait ELA DAL YS rate den M dne pantera eo dii. TEEN o e EY TE CAR e AA 
RA RAR E pe A A A lt AS O i EIA AO bed | O A as AMI LTET e bake E dE ee e do RE RT FT ale 
A RR RA A A E O AR A +p hbk a SPO ie ent. ee er aT eee al a SET BE ae Zara A eus binc N orna Ia AI raiione Sel e NIE ER 
A A MA ho edad +4 Md 1 TSIM ELLE id A OPE ED ATTE TM Ld od n H a ‘ hes Pathe Seal ata) E Pr 0. qu a^ eV MM ES baidid. Kaiaka A gt 
E titi OR o AA LA aR ed Y A LLLI d Lie AR La cr E t DP UR VB PN re RN u 
OR A O aad te Ei ARTIST O A Khor GG ee Li e x RT io. Deed M LI POMPE MCI PR NT i a N, 
ARTE rd A A i Ae Pr a en he ee eter A E ppt ae a re sis des te E ae rad An in fe S Ji at? AAE 
ee A NETTE PCR SR ARTE Hl EEE FE ^ Great À £ t* e I 6 A A N RL Fe Å‘ AELTIE TTL T E EITT A O T TAN 
Pall Deci =; Fe e Seda ila . ye ip een OI A E nee + hd se het CU Ro sun. A 2 Ban LH bl DL ET ta, b M ded aL ML Ren 
rogi giai eo prm AMAR AR A Ae oie Po anta A reip enint Mone ios CI eaae ta aah a es 4 om A AS A ir oin er ta doas TS HR B GaS 
uud Madri EP pe SO Re ELIO VI E o he wenn me ge TASTE H A 31 b TS P OLS Oe ty de A CORR Mia pied 





a T =, *s0e* (^ A ed 8 o; mp, IT LA LP] 
M 





i ^ 
O PO 






Dei A STAR T ds TI Sel se Lt” 





DT TEL LIT 





Deor Nd edi 6*6 v wide e N Ta 2 





D E Lad p 















































































































































































































































































































































































































































A ee eda’ : A > A MAS M " MOR ETATS T . / CO te T A me^ n g 
ER “ri Tee bial A ie 155; A A abo iat te Y Nw T =r e III PLU M ed M Hi nue Zar itid 07 em ry a P i d Le. BET er een Moe sac pela A M DUE E ar eres 
quits div impr ete perdre d ee oii PIT JAS TN int fer Lao a ied ba pi De udi PEEL DAMNUM Opa quoil pele A IAN A NAAA y 
PA u ae Lo er ARD a o d rd Far Draper a Mb AAN rs AOS E E p" ad. S ar PEN hd AUS q M Cet ^ p j A ae VP Cte rd o on 
A O E Kar enge ay Oe MCN SOO tl ee Laban A EEE TE A TS DIE Zu > A ga 4 OO O Pe Peete iui Gur. E NEN Ad nn ah dar A aa ten a te, 
E teil ri re ee Pp AAA ES o ab IS ee P Er ee DH IS A pia bird ddp uideor qid uada druide hti RT 
cde " ul du cg M T P A & A e "T ry “~¢ Cea PT bs LI " oer 9 „ Ti "86 7 IM Zu e Pro -4 tah A AA A ap O i N 
Rr Ae aT RIED IEP Nor rene ae A rM id RA tee E ven ^ er h Pe i ier or rnt Hg oe P . . $ qd m Mgr» LX PER een“ de ee he VEN rs eins EEO N tienes Phe epi a 
a = DS E A PA AA N AAA y M .. AA AT a .. . aic dis ¢ d .» Ld od Ld Mins ten DO L , d "x ITE a py H d drm aaen A Ls pa ^ 
A A hc LM m Tur Pao ua Pe EE m E AR te rule Co P ERST VEN uen » s g 2 ^ = Á E E sre d u. . addis DARET E ur M o e d NN a aD 
A A RR nen ale Lr E o IO O OR doi HILL LEON SE a P Er RN o A qos Po al ema al IET AS o MA 
ad A OA an tern ee neti AMS en SI AA PL A E Ad hia Ji eed pied: Pri ee Dr f diri eee a = Pod PA MR ALLE ES PIE ze me ASE OF n ALA ae ci o uaea a ET 
gt wre = ledges) or wg Pere PEA TAS Fa PN ats PI E art ce butt? AS eal k - tone ¢ pee i $ Lg = E gr JS MUT > y d E E . A fa ze ^€ 1 j A "TP LET AS I be Sehe A ans ENT TE 
A a ER PR ad = et fe i ere ert ee ee eee a er A sre LENZ ee LATE STE, RG ‘ o. $ = ae e DT I AR P a, pele? » de a EET TP e «zo ño. A din nern Pet eerte o Se Ir A A, 
A a IAS RNA a a A ARA pt Mor op PP EL VE A a nt ne Pr On í Ja EE RIP os. , AS O TE une, ar el RT te en 
ET Ser fall Pm db foc E Ad S dir IR LE EP e da RPT IER LLL eris E E  eós "$oów-*2« * $^, * A "e nn y T "fi » vito q ae e“ et A gt wein Sad Be pp geen FACES er 
EE rinda! [o m A sd adii eut) 2 mo^ Mex Pi pL! e, PA IA P] ode ıy « CE T O LL LLLI *—4«9—9 . $$ - urn Ld us AE e i a * 5 T, TI IPS > A) M SA 28 4 EV Su S pun " - = 
See ddr â E PS ETET tele i 0 po TT A "T tere d E É hd y A^ à e LET AAA A “y ibd Lu pm T» Y 
Cc tire A rate Lo de des tà A A E de AN EET TTE RR ee ed eS d Muf t "ab Pt Sie La EIE Ls A ARA ESA ES AR nt mile 
SEU pater a A IA DT ER a de m A RE EA ad E A ee pm uet . 3 .. s > A A A A ds de EEE ee mind Sen te tae eer ete 
eae 2 "IT Fe t ^ rebar a LITE pr PATE LCD LEER ila . . s sh, = u AI A et Md MM E LL UR PE ERE. 
AAA "eap m dria rire T i en ER, MT TERRE ANS A cs E M ME le M de ry Tov Dr Y MELDEN PI dope Pet il 
Pe TE PIE cn Apio de ay Mr irit aed TE Ld fu. Al NL UN Pod rr x an ki d sree ee areas P ud he NP keer ees ei Ewer een Werne ati u gun tea 
DE id e (4 ANS RS E A o IÓ e O O A TEN nee rad weds Cano tee ee J m M LA PU D M DEP d AA IA ES OT U Te art 
s "e pclae erect LESER ot SET RATS Be s PL MP OD ECL IP PLE E E) ow ie y es en Y Ae Lig MALE LIPPE pre A AA A 
gd mg rL pe yt de Lf, eel e FR: IS ETT E ET AS ASE, » rd r z MI e s a A ERBE Pb ted ... siy dE AS A rr o Bote at ECT ILES 
SAPO AAA A, e ee PC See o A PS Tr PSA ni iad bd ee — Ax M Sd ho Bos E dio A Md "i o ina: pedi E DU d AT DEINER TEE MUN ror beer e E 
d ^ A Rd Rd Favors DE sn e aie re anya . s y i z rui diio. e^. er wre Ne is : e Pr eir 
o od ao H A Re È o» NP FR AAA | r ET. es TL ` As i Morten tie en gt = = Filet. 
IIA E pli trii dd oh a end N AN A e o E Es er ze rth Soe ee eA NC rd ER sur e I t7 N Dreher eH aba Rico sedie a edi dicil ime da Peru dod dier ini E tud 
Le p "E rd vr 3 der; ° Dl Py mw" T "TR aal Ld La aie ers Ui "n P ~ 6 LP a De we a om sen m . TTR °F gee et ^4 PE aa “4 ` = 2 lip Hi PL AAA A DPI MET NP WP Hips os ee Ad e 
ee! IA A po ett E Lips E A "iyd A A - R ua HD Li zi zi ; 2 Meus Lele ae Ser Pep ta Ar RER Ari A i TD: a RT, mus er e se'e E en ELO DD PET" L ga 0 va! FH Rn Sa en 
eb te A ELEM = "IE NL ee P a eds ad = an A ° H M Ed r4 2x > d Em > ¿desvtos LIE PIS PP p ee te Ps a A A der e 
O Re A egal ee te aa ae ES FT ir en Hop E eL SA A pa deb Bg HT e ni ; LAS LIES LU. Le AICA PE. IS SI A RAN SA m ETS y AAA DATE AI ee 
er A ea ls ey we A A A RE Fes tO FE u vu v f ee ^ AAA La hdi dd Eo: LT M er uae A oe fe NS x AS MS a dl ek] A ^ x P ibd LS LL a A de 
Ai Rar tari ag 5 Eu et A AAA A , MEO rM 5 o ” (a ee O O AS aa TO IA go a A ere fete E A v.v PA PRA A td A tut de een : 
PETE, yg ead gr di ird RA eeer ia PY mo Pe SEIT 22 ee ne, A ^ Dt td NE LT Oe E A E "m - a + Om Be FOOD 2 Hn y» A tn rn een eg i ne ; Veste ra het hire dto And Ee 
ae q ed ó + RAR - e .. P b " > ap EM FE A aide = BEL M > > pa j y a » er A Por SD €— . . x " ln 
EA gara pin MEE Ar E isti AE o ES xr eri rre A A a A A A E E A A ee e a 
Oe a a ee T A a > E pe ride‘, 0 a. Se ee te = er ER > di es CHE A E AER dr gi E ihr A t-test headed led ed "49 ue sa e w Adi dana 
A pei ao Mer uranio d dri mit Pd Ei IT iind A IR A A oe a ai O E a A a RI A a neh EN E A a ete re ^. ee dd rede ini 
RE A i epi in d ase iia Y y I s re Eee dr ud se 3 Bat : RA A Be ars A v = E re M ee s às leas te RUD Eas. Rye p P m ET TE ten ee "Cad du ere 2 
pd ez wae? " P^ . uw ae = " . “an . T . 1x [4277 E ` = " y un. LLLI E $ 5 "Id m » Ar i^ 8 a ELTE: IIS LM 
So Li or Em RA ra OAL eral aaa ne Tet ee P HO Eo MU SUS ads e TET er SCC T EA MERLO go ere rte i at Re pe e a 
= LT A " .. A re E M $ n M a E 
D eoi ee as M u ae! Lae dois lathe RS ee ende y we ... "3 A gm am; P d A e 1 as A ; . £u AINE] Ud x E id LEA é » IRE, PT PP "COPS ene wine, vr „de > Au A bd de he 
ESA Inn nt " Cis eti ro p Eie» a errs A A : rp Tre Mer € te nm rv Er ® a "E » et 9 f 1 LEE d a OPT E rs ee A ¢ 1 o dite oec R 
Vibe c ii anette SER een ARI A COP or RECETTE Zee deo P LL A ES TT O CPT LAA SAL" a rag une Fur 
ets a E co d dfe fpei m SI PR q prisa AD E] Pat rf. v. "mw o.” P WERE TUM PRIME E Lr LEES e "^ 1g 9g e y e IT a A A RAI o Te ee 
A pe ok Spire A A DNI SE jera MAA neo P a >. 9 . Ko .. AA a er ¿Uns A OO A AN E epee A E ee 
ART 7 mes f o hirt ee ad ET Du rr ob RO Er, Al USPTO, e... .. "moe Pre tak te E » «e 4 » 5 LK LE P P ” ngs ` PL TEE er fo vent Om =P abe’ T RE A a aa TE GT 
€ a NETT NT, TIT REL ite prc ILL a prp" E A e... y LIE RS TED . . LP d .. rn am Dojo ¿eee O FA A, DIA te te er ee 
put tie ae IA A el wenn Terre RR I" oe O ur? ELI Mn a m m r A TE ¢ TE ENT 0 Y et et ate d 
Pe cent tie eae Tee TN re wt ve o a a a Ha i ie de ré EA M "T n ETES yey ER , E m "n p A m - A ^f LLLA set SL e E RR A "t DeL Da ~ Pe BT ING A 
pa re iet i x A a d E M Ls + E LM n "2 p "P E PO teeters AT A a E M E (e - 0,8% 4 CETE C S a .. ` . o id ue PI 
Re SEES edipi Me eR ind reo n nahe at = gis ee A E cae Sa any ge eae oP EP 5 A res A OS a. HESSE bid eR E ^ rer EDEN ee re dr re dc 
= NS id di d ee a RAT RE TE EL PITE ana T el 2 TO ner de AN mn nr Pt et et ee CES TE E T Dane ai enter een ni AT TO a mean 
APNEA m pis n ir pear 74 A A b d . e A NP. A AO LL g ... . or. Sex e. 0. oe PS os a To g Hes da MdL LAE EL P ae" a a ei re tip tl 
AAA A ed : ne er a ee £ LAT] ze + O . © "5 Pa a a eM e x STS cra II JC PL nr Ite Puce. g^ dro Pep men eam me a Po fred ria 
A AA A E E * "ELE PE E D E e» Fe A E ne... nm PPP ee Y E E NL O O OS 
n Ai T A , cft ad a ES PS r T T AU . vá .. -¢ ee DEPT PP ER "ME Pm BE ay se Cat DANT e t ere e ^ er 
"Pla ige tt A AY ery ee " E TA PP d uL E de ae de fee POS TA O PA PTA Ne Mg RERO heilen: DOS ld ac A 
P A Ce edit on EA A A ead C ede AA tel oe bh * one rs "Pu . q” Ae m LLLI JP LLL A O AAA ACTO OA - ea Lor \ bh aps N AI > Se ret 
dee ter U yt ee titties a e be Pe tsk sli N loos T ee oe ee ewstf 0.0 PS o Lo E we. H Li DENIS one FILLE eres ht ene in E Dae na TE REIN DCN ^. ut E nm 
A ne peint reds yt e EA. O A ES Packs 3 L Tews en M A AS ¢ » M eo te .. A A MPA S A H EL % NEL EACH V dE ER bete 
a A eiit u way ar AS enn reo ro MA E wee ace 98 EN rem e af ^ meo S E Por P "" ey^ "LE LEE E [P .. Ha TII bc S74 sommo A cer S re 
AA A Edy arpt gei A A re ad a bates i E PI M AC s = x k e m. LL LEO "OE SET NE XS e. .... oo ott pet oid A m pa RIAL in > AA E has! 
riri A dba ien ee Sn zn Oe E odi TA d dito A E Q i E E a RI og ot A arch eel ee! Tana ce a ee ru 
À etnar a aa ir © EPIA m pr PU A et pr " Por p* 20 vee 7 rn rri ' 2 - f» e. me y did gan LE s S wi." - rs 
AA be iz ow pP d pAs” o - T d x 2 P "m o eb E Lr 5 E + E LIPS H FE o AI e o] AA ^ 
En: re er oes VAR ien Ho d LL ° e= ade E "cu Yr - went "s "IPS . "2 er} DIPL P n > A AO A A A A taa 
Br tt LT Edid ee RA dal EL ET Tr O od LER i to- "TO E ee st E er; E TN E E E TC g Y) "Uer Set dad ene M c e ac Et c abe Qon 
an pina tts mer P vom E vi. "2 er fe " of © O e P » . E Pear E E 2o M Jai rA > ay pi 5 AA HELIUM DR ET A 
ru I Se d o w^ PLI ELE = PES E PES E Sun pi n A . 73 TE +P Feta E T ^ M PEIUS Y me z 5 o e Ter de en e PA nr” ere 
= f pre er Kult ln ran tee e a um TA a he =» "E E 2 A $ - + "E ETE > "PI 14^ Mn MEUM rn E A » m 
viec ded nap CY ste nag odit ^a e ntn ni^" e ts O edad ee E kr P E odd - E = AS d . e NUNC TERT M o vo 2 PHA eden eed. BEN, Weer nen ae oe RER ner | 
"II o col. A e SA o AS ETER TIET . = ve LIE. PL E mt... m wein 0er =æ >% wese .. y “a @ ses m Beinen Adore Li EN €. ^c» LA e d 
AA katana AI itio PE "PT LLLI Bu te > LS ... € etecce ws > DELL" m .... A A E nt o. ss 
na lil a, e EXE) O e ir A "rr EET LP RT Ee zu «* .. ” A 0 M d E ^» E a - Pa . js - Vu dd Sete kt) LAS q LE weni u 
u LT in reden cu payer A qe d O nn am oe me 
z P A Si = M fate ML. . . SS ut m T " A 
AR acciaio a = AA A tel d d m LES wins > br Li un [n e 249. 
a E o od ne Are E el "id Le di PR Ng LI nie e De re hel. dioe 
AO NR rn | Eee tea A d 
E A a chet Itai eee i ai ACE T rn e. ..... 
AAA Dt PE : ^ 4 s j A A TE FE a 
TA aa cr dip Pa ae » A 5 F n 5 . = we MENE 7 ed er Fr 
* Sut Res aur as wn m; E on 5 7 B er ^ b A E 1 e E E run 
EAS a > ete ed TE E 
ht E DE E ipse tle rele reed P cst queo TU RU x Su 
al e O A a to ME a tA 
AS t Br S PUNA Ar od Te Pe rd ah Harc dieere dos LAM LT ha .. oo .. =% 
it RAN " PR eaat e III poly ero n rs " n Lr» " fes "e e ER Lp: Beate BERN en 
reru nidi ah A Cut AAA AA ..” he PER P ES bie e .. mim Moo AA er tn mn ur y 0... 
ee mr Euren Des es AA AS M NT ee E int, QE $ a r N A A A N 7S -, a HA am 
ES E pue cu Ar iet Sa A " ny an » ` . m T ctr zi LASTS d E 
od Pun iade pot Exe Duo par Le A AR IS A A eM A RE ~ rn we ee 
Tae © d cs Saum AO A pe.” "un ^-^ 4 t. EE S D Jade 7 2. 
p. raped. agtn WU a nn z AE "REC meer * o /»"e Pow e» LN 
be k É T ee xD "E "EP te ** ED riot es Pi E die oria 
sina P de o RRA m we Soa bd - = TIC M PUO DEA e E = : d Ly PE 
a “nm E LI LI . e... bl c neu ^ 
E im) M EP Pr "^ "ao e dul E M Aa - . dd o 5 
PENA at) pros ala Pe ad . ee PE pipes A = m UL Cele NO aL a s d DI Te Mua irs 
" ui = - eo) at wi ua Ctm » une Ae Huts? ty Me 2 ot = 6 B "es 
¿AAA A POS 47, . -* = a CPP "TT $ da was = T bd al tease w eya PI PET Lr. 
bs e “ P P Fu mi .” e ¿A - > DI os pt ... . "Um kai rl PL E n 
A NO e ANA RUN, AS EN a ee E E A E Sr I E "M EP - en 
= iria DP Er ort at ary = m ine Tm AE CSS Cors s AA and 
De ne Oe TE strat nln Malet Pr ed lel Lelia ad = : 5 el CE Zur E27 1 Pe rear Re A 
= q RR i A nte ES PEDI E , EH PET > E c " E ty Fe ee 
ld ern me me dm de Zonen nd LE? Fee O n M ra es iia = Lond RP LL de a 
— est Cod u A E y x m a PO = & A me - y e en. m RE 
mod — y e iE a = Ld -.. ~ oe LL B P» 
. ^ LI a w IA rJ - [EA M - . 
EDS Ae “ee °° = PUE dix ole, SP s 
= Ad i > : LT Pre ~ . es T a Com 
E ve . A S pe Emm et 
E > 2 Sl 5 nl "U^ e 
MORE ET 
ros s * ..... `~ 
E a e E . . 
- A = ED oP... H d . IM E y 
"ts > P wen P ci e ny e... st 
s AA en L E oe > » 
nm. e A ts PT Ae vete E s» os ... E . .” A N "I EPC aa eee en d ME TER LER 
.w 0° a nel e APR Ln rl . g . “oe - a " " E M , 3 ^ D 
LET UL E LI * . Ys NS . 2 > o 
ER S OS XP à "E J < » " m e*4 P E t s y e y " "es - AC Exe : Mem ee 
.. A Crete * *. a ae EE E d P EP .. H A . aa ee » e cca Zr WES Pr 
d eee OR E ze "E " ° m etm "ES mam AD S A N 
E Moe sse $ m K A s rS P i er] 
a . -— ade er PII] .. . " . . .* 17 * 9 = LJ LJ o Lj " o 
ER tr —— i a T - Dort UE M. PV. 
ka FR Par Ze of * M 2 P - . s a ., A P ' .. 7 A P 
" SE in E PEL = « . E a E . .. "o. P A Li = ° ene a Es bs E 
A y e "m EN " a e P” >» - E OS . e LI de % LI "Ae ow 
B jac 7 à . er r a4” A . M 9. 4 == k e 
Am ^ n LN A .. - g =» - . " 
4 MC 5 . . “ H E . e" "2*0 a Po. 
-* - s .. - PN PI E "E "rl - E P AE n a 9 
] FS " . M UN IM c er = E " "E .. -.» 
- T > " P "ELT - p * d E = 
de 3 : Par E rrt A E E T "P "n" . 
L Sn " RE. : E 5 E A LAMP ELI "D ~ . " : 2" 
" . ^. x P e s . . $ COURT E c LS g E " A LEES 
- 3 " ee, . . Mot E E m 
LE P E .. y »- E . » 
E TS E LI LP , 2 E M ME . Pr 
ane LI Ld - B - e o. e Y .. - , e LI - -- 
P L EL - P . E ., so. ^ A P 
E .. "E .+ a d E m r 
z M E I . LÀ ry ¢ LL 
.. A E . A E .. "T .” ee er A > 
M E fi e^ ... A LT r? - - 
" A .. E a . . =. - E 
= . 2 2 E z 
ar PLI PE LL . > © wm . E 2 E 
.,. E E H LET i E M e.” - 
E C " e, e. F zy al , Z . « A ee 
5 LI .. . LI a . o "LS ad E Lu 
2 5 
Scie E er: a s ta » E . o» 
E . " . P} " - rer . PI . . - . 
a " o Ld > .. . e , M a v. LI . 
P E a - P mn eo 
rj d A f} - L] .. - .. he LI LJ . = 
P " Rar P 2 F n 
" >. " EI - =e I E - d LÀ 
e E a . E 
* " €. " e a 
2 n a . . -= 
Li H bal g Li d o Ld L 
. . LJ e 
rn . - IL E 
"ELI > » - E . L] e 
" Lr .7 . z D - E d . 
. r E 
P] Dur Ld " .” L] LI . 
E LE o E u ane 
S ° - z 
A E . d b : d * 
. . » 
E . 
... 2 
M 2 
d L] 
" A 
ð- e 
D 
A . E 
7 E 
hd LE 5 LI 
. xs . 
= . LI - 
E E OO La E B o d . 0 » 1 JA A E K Een - "n 
. o LI " o ^ E E 2 a > 
E . » 






| (y SEJRA PRY 
eh = MATE SCHOOL, 


Le | " i Nos = E 
P = 















NAVAL POSTGRADUATE SCHOOL 
Monterey, California 





THESIS 


ESTIMATING OPERATING AND SUPPORT MODELS 
FOR U.S. AIR FORCE AIRCRAFT 


by 
Wu, Ming-Cheng 


March 2000 


Thesis Co-Advisors: Gregory G. Hildebrandt 
Shu S.Liao 





Approved for public release; distribution is unlimited. 












Form Approved 


REPORT DOCUMENTATION PAGE 
OMB No. 0704-0188 


| Public reporting burden for this collection of information 1s esumated to average | hour per response, including the time for reviewing instruction, 

searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send 

comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to 

| Washington headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204. Arlington, VA 
22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188) Washington DC 203503. | 


1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED 
March 2000 Master’s Thesis 
4. TITLE AND SUBTITLE : ESTIMATING OPERATING AND SUPPORT COST 5. FUNDING NUMBERS 
MODELS FOR U.S. AIR FORCE AIRCRAFT 


6. AUTHOR(S) 
Wu, Ming-Cheng 

8. PERFORMING 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) ORGANIZATION REPORT 


Naval Postgraduate School NUMBER 
Monterey, CA 93943-5000 





-—— 












9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / 
MONITORING 

N/A AGENCY REPORT 
NUMBER 


11. SUPPLEMENTARY NOTES 


The views expressed in this thesis are those of the author and do not reflect the official policy or position of the 
Department of Defense or the U.S. Govemment. 
12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 
Approved for public release; distribution is unlimited. 
13. ABSTRACT (maximum 200 words) i 
The USAF Visibility and Management of Operating and Support Cost (VAMOSC) system is an 
information system which reports historical O&S costs of Air Force weapon systems. Source data for 
VAMOSC comes from a number of USAF financial, logistics, inventory, and operating systems. This 
centralization and consolidation of O&S cost data provides information that helps weapon system 
managers and planners make better decisions for DoD and USAF in the operation, maintenance, and 
management of weapon systems. In earlier analysis, flyaway costs, flying hours, number of aircraft and 
aircraft fleet age were identified as important variables for explaining and predicting O&S Costs. The 
earlier models need to be re-estimated to determine whether aircraft types and operation mission types are: 
applicable and how they have separate effects on O&S costs. This thesis shows that the structure of the 
earlier models continues to be applicable. The models, therefore, are a useful tool for understanding the 
determinants of O&S cost. 


0 -— 9 A oe ee em 88 RASA m aan y u - — a 





14. SUBJECT TERMS 15. NUMBER 
Cost Estimating Relationship, Aircraft, Operating and Support Cost, Statistics, Regression Analysis | OF PAGES 
76 

16. PRICE 

CODE 
IERSSSEVRITY m Ea CLASSIFICATION | 19 SECURITY "a NE a 
CLASSIFICATION OF REPORT vn CLASSIFICATION OF OF ABSTRACT 
Unclassified u ern und zo.) 





Unclassified UL 


NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239-18 











Approved for public release; distribution is unlimited 


ESTIMATING OPERATING AND SUPPORT COST MODELS FOR U.S. AIR 
FORCE AIRCRAFT 
Wu, Ming-Cheng 


Captain, Taiwan, R.O.C. Air Force 
B.S., Chinese Air Force Academy, 1992 


Submitted in partial fulfillment of the 


requirements for the degree of 


MASTER OF SCIENCE IN MANAGEMENT 


from the 


NAVAL POSTGRADUATE SCHOOL 
March 2000 





- 
A i = 
> 





ABSTRACT 


The USAF Visibility and Management of Operating and Support Cost 
(VAMOSC) system is an information system which reports historical O&S costs of Air 
Force weapon systems. Source data for VAMOSC comes from a number ofUSAF 
financial, logistics, inventory, and operating systems. This centralization and 
consolidation of O&S cost data provides information that helps weapon system managers 
and planners make better decisions for DoD and USAF in the operation, maintenance, 
and management of weapon systems. In earlier analysis, flyaway costs, flying hours, 
number of aircraft and aircraft fleet age were identified as important variables for 
explaining and predicting O&S Costs. The earlier models need to be re-estimated to 
determine whether aircraft types and operation mission types are applicable and how they 
have separate effects on O&S costs. This thesis shows that the structure of the earlier models 
continues to be applicable. The models, therefore, are a useful tool for understanding the 


determinants of O&S cost. 
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I. INTRODUCTION 

In the early 1980’s, the U.S. Air Force began an effort to estimate operating 
and support (O&S) costs for its functional aircraft fleets. This effort was largely 
initiated in response to an increased emphasis on the role of airpower in the national 
military strategy, for executing military tasks. Towards the end of that decade, 
however, the Soviet Union began to collapse, indicating the end of the Cold War. 
Consequently, how to properly allocate and efficiently execute the military resources 
during years of limited Defense of Department (DoD) and USAF budgets is extremely 
important for the national military leaders. 

Today, the Air Force stands at the threshold of the 21* century revolution in the 
character and conduct of military operations through creative applications of technology, 
innovation, cooperation, and new operational concepts in the military world. The bottom 


line is that the USAF aircraft fleets must achieve the 21* century capabilities and 


maintain current readiness levels in a restricted budgetary environment. ! 

To analyze S one must relate those resources that affect this 
component of military posture to weapon systems. The expenditures on resources that 
reflect the commitment of DoD to military readiness 1s called operating and support 
(O&S) cost, which is incurred as a direct result of operating a weapon system during 
peacetime. We believe that a long-term goal of DoD and USAF is to understand the 


readiness effect of force modernization in a situation constrained by O&S costs. 


! Readiness is defined as "the ability of forces, units, weapon systems, or equipment to deliver the 
outputs for which they were designed." See DoD Dictionary of Military and Associated Terms, 
JCS Pub. 1, 1 April 1984. 


A. BACKGROUND 

The initial requirement leading to the development of the present VAMOSC 
system had its beginnings in the mid-1970’s. At that time, it was noted that the 
percentage of total DoD financial resources devoted to operating and support activities 
was increasing at a rate that, if unheeded, would soon constrain the services’ ability to 
procure replacement weapon systems. 

The development of the Visibility and Management of Operating and Support 
Cost (VAMOSC) information system presents an opportunity to bring modern statistical 
tools to bear in cost-estimating relationships. USAF aircraft may present the most 
comprehensive database for analysis. Since 1981, data has been collected on USAF 
aircraft at the Mission Design Series (MDS) level. 

In the earlier study, RAND analysts discussed the VAMOSC system and 
developed a cost-estimating relationship for the time period 1981-1986. The importance 
of flyaway costs and flying hours as O&S cost drivers was demonstrated, and modest 
cost growth as an aircraft fleet ages was shown. In this research, we will compare and 
analyze the earlier study with results obtained in new O&S cost estimating models.? 

2 AFR 173-13, U.S. Air Force Cost and Planning Factors, 2 September 1986. Provides the 
following definition for MDS: ”An alpha-numeric code used to identify a specific type of aircraft. 
The mission symbol, a letter, is used to denote the primary function or capability of the aircraft 
(for example, ‘F’ in F-4 for fighter). The design number indicates different aircraft with the same 
function (for example, “4” in F-4 as opposed to *15” in F-15). The series symbol, “a letter’, is used 


to denote that significant differences exist between related aircraft because of follow on 
production or major modification (for example, *C” in F-4C as opposed to *D” inF-4D). 


3 Gregory G. Hildebrandt and Manbing Sze, An Estimation of USAF Aircraft Operating and 
Support Cost Relationships, The RAND Corporation, N-302-ACQ, May 1990. 


N 


B. PURPOSE 

In an environment of declining defense budgets (see Figure 1-1 and 1-2), obtaining 
the appropriate balance among the components of U.S. military posture—force structure, 
modernization, function, sustainability and readiness—will be extremely challenging and 
require careful analysis of the cost reduction alternative. In order to execute future 
modernization plans affordably and maintain weapon systems for readiness in peacetime, 


the Air Force must realize and manage the total ownership costs of weapon systems. 


Federal Budget % of GDP 
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Source: The Office Management and Budget (OMB) 


Figure 1-1. Defense Budget of Historical Data 
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Figure 1-2. The Ratio of Service Shares 


Hence, there is a need for an effective decision-making tool that estimates the 
O&S costs of USAF aircraft fleets. This study will provide and establish a procedure 
which can be used to determine the annual O&S costs of aircraft fleets based on physical 
characteristics and operating tempo. The cost model is parametric in that a statistical 
approach is used to estimate the functional relationships between cost and some major 


cost drivers. 


4 Parametric estimation employs cost-estimating relationships (CERs) to develop projections of 
weapons costs using various statistical techniques (typically regression analysis). A CERs is 
simply an equation that relates one or more characteristics of a system to some element of its cost. 
If CERs are improperly applied, the results could be a serious estimating error. 


OF SCOPE AND METHODOLOGY 
This analysis makes use of the database called Visibility and Management of 
Operating and Support Costs (VAMOSC) system containing MDS operating and support 
cost data. The Air Force VAMOSC system is now an extremely large database consisting 
of both cross-section (across aircraft) and time-series (over time) data. Beginning in 
1996, a new, but similar system, called Air Force Total Ownership Cost (AFTOC) was 
developed. As a general rule, VAMOSC information is derived from two forms of data: 


raw and processed.? 


In this analysis, O&S cost per aircraft (CPA) is related to aircraft characteristics 
(flying hours, flyaway cost, fleet age) and operating tempo. The separate effect of the 
number of aircraft ina MDS on O&S cost per aircraft is also examined. Using regression 
analysis techniques, we show that flyaway cost and flying hours continue to have a 
Statistically significant effect on O&S cost, but that the magnitude of the effect has 
changed. Cost continues to rise with fleet age, but the coefficient is marginally 
Statistically significant. 
D. ORGANIZATION OF STUDY 

This research will analyze U.S Air Force aircraft Operating and Support (O&S) 

costs. The Air Force’s Visibility and Management of Operating and Support Cost 
(VAMOSC) System consists of three sub-systems: Weapon System Support Cost 
> Raw data can be used to examine the historical costs of existing systems in the areas of 
personnel, unit -level consumption, and depot maintenance; Processed data is raw data that has 


been collected or allocated by weapon systems. In addition, DoDD 5000.4 requires the DoD 
components to establish VAMOSC systems that show the historical O&S costs of weapons. 


(WSSC), Component Support Cost System(CSCS), and Source Data Preprocessor 
(SDP). In this research, we will focus on the use of the WSSC sub-system of VAMOSC 
for the analysis of weapon system level aircraft O&S costs. This sub-system of 
VAMOSC includes the following aircraft types: Fighter/Attack, Cargo/Transportation, 
Bomber, Tanker, and Trainer and a few Reconnaissance Fighters.® The research will 
focus on these aircraft types, and it will exclude helicopters and obsolete aircraft from the 
analysis. This use of the aircraft O&S Cost data provides information that helps weapon 
system managers and planners make better decisions regarding weapon system operation, 


maintenance, and the management of readiness in peacetime. 


© The WSSC is the Air Force’s single integrated repository of weapon system level O&S costs. 
Annual cost profiles at the aircraft mission design series (MDS), operating command, geographic 
location are calculated using costing algorithms and assignment/distribution techniques. WSSC 
cost, therefore, should be viewed as the composite costs to operate and support a given weapon 
system based on actual costs collected from the WSSC feeder system. 


II. BACKGROUND 


A background research and literature review was conducted in preparation for the 
relevant formulation of the operating and support cost model. In this chapter, four key 
topics will be examined in order to provide a better understanding of this area of study: 
(1) the nature of operating and support cost estimation; (2) a comparison between 
anterior/current research; (3) the USAF Cost Analysis Agency and its role in cost 
estimating; and (4) a description of the primary component cost elements of VAMOSC 
for the development of the USAF aircraft cost models. 

A. OPERATING AND SUPPORT COST ESTIMATION 

Discussion on operating and support (O&S) cost estimation is obtained from the 
Operating and Support Cost Estimating Guide prepared by the Office of the Secretary of 
Defense (OSD) Cost Analysis Improvement Group (CAIG). | 

As delineated in DoD Instruction 5000.2M and DoD Directive 5000.4, the OSD 
CAIG acts as the principal advisory body to acquisition milestone decision authorities on 
cost-related issues. The guide prepared by OSD CAIG is used by all DoD components, 
and, as stated explicitly in the manual itself, should be considered the authoritative source 
Document for preparing O&S cost estimates." 


The decision to field a new system requires a commitment to support that major 


7 DoDI 5000.2M,” Defense Acquisition Management Policies and Procedures", dated February 
23, 199].It' s responsible for establishing procedures and forms for various acquisition-related 
reports; and DoDD 5000.4," OSD Cost Analysis Improvement Group", established the CAIG and 
describes its responsibilities as the cost-estimating advisor to the Defense Acquisition Board 
(DAB) review for major weapon systems. 


weapon systems for years into the future. The decision to develop, procure, and support 
new systems are based on many factors, one of which is the projected cost of the systems 
over their operational lifetime. O&S costs normally constitute a major portion of system 
life-cycle costs and, therefore, are critical to the evaluation of acquisition alternatives. 
The foundations from which O&S costs are derived are initial design-to-cost efforts and 
trade-off studies conducted by the system decision team. 

Since the decisions to commit funding are made through the acquisition process, it 
is important to understand the decision milestones and how they relate to the Life-Cycle 
Cost (LCC) of a weapon system. The life cycle of a weapon system begins with the 
determination of a mission requirement and continues through the engineering and 
manufacturing development, production and deployment, and operating and support 
phases to the eventual disposal or demilitarization of the system by the government. 

For purposes of cost estimation, life-cycle cost is typically divided into four 
Components: research and development, investment, operating and support , and disposal 


(see Figure 2). To show how the cost distribution (percentage of life-cycle costs) can 
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vary from one program to the next, we provide a breakout of the costs incurred during 


the key acquisition phase for two different weapon systems as follows:® 








R&D Investment O&S 
F-16 Fighter 2% 20% 78% 
M-2 Fighting Vehicle 2% 14% 84% 


O&S cost estimates focus on the cost likely to be incurred by a major weapon 
system under specified conditions. Although the cost analysis must consider historical 
costs, it should do more than simply extrapolate from past cost trends. The proper 
approach is to present normalized empirical data to show the relationship between an 
assumption and its related cost impact. The O&S cost estimating process described in the 
sections below is most appropriate for major acquisition programs reviewed by the 
CAIG. The O&S cost estimate should extend over the full life expectancy of a weapon 
system. Table 1 lists the major categories of defense systems and gives the designed life 


expectancy of each. 
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Source: Operating and Support Cost-Estimating Guide 










Table 1. The Life Expectancy of Deployed Systems 


$ See the web: http://www.dtic.mil/pae/paeosg01.html, p.2. 


The approach therefore is applicable to all acquisition programs, regardless of the 
review authority. A major system recurring steady-state period is identified as the period 
between phase-ın and phase-out, when all systems are available for operation. Figure 3 
shows the phase-ın, steady-state, and phase-out periods for a hypothetical system with a 
20-year life expectancy. Assuming the phase-ın and phase-out periods each last 5 years, a 
system deployed in year 1 would be phased out in year 20, and a system deployed in year 
5 would be phased out in year 25. The steady-state period and the total number of 
systems to be deployed must be identified in the estimate. After the O&S cost for the total 
number of systems has been developed, and annualized a steady-state cost per operational 
system (or per typical deployed unit) should be developed. 

These steady-state estimates may be used for comparison to the reference system, 
other alternatives and the independent estimate. Equal steady-state periods of operation 
may not necessarily translate into identical annual O&S costs. Programmed depot 
maintenance overhaul cycles, system modifications, changes in failure rates, and 
sustaining investment costs for replacement support equipment may result in annual 
differences in O&S costs. Although cost figures for each fiscal year in the steady-state 
period may be provided, the presentation of an annualized cost, for the entire steady-state 


period smooth out annual cost differences and facilitates the comparison of alternatives. 
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Figure 3. System Life Expectancy O&S Phases 


The LCC estimate, which is required to support the Planning, Programming, and 
Budgeting System (PPBS) among other things, serves as the basis for a program offices’ 
budget submittal in support of specific milestone requirements for a Major Defense 
Acquisition Program (MDAP). The typical independent O&S cost-estimating process 
(see Figure 4) requires the formal identification of the estimating approach, coordination 
with the CAIG action officer, updating the current estimate, and preparation of an 


independent estimate. In order to test the reasonableness of the program offices’ 


estimate (POE) for LCC, an independent agency within the DoD cost community 


prepares a component cost analysis (CCA) or independent cost estimate (ICE).? 


? Generally, the IEC highlights only those elements of cost which contain a degree of risk that 
needs to be addressed, For more detail, see Operating and Support Cost-Estimating Guide. 








S NN NE TER E RET UNS. 


Development Approach 
Identify Primary O&S Issues 
e Select Reference System 
e Develop Ground Rules and 

Assumptions 
e Select Relevant Cost Element 
Structure 






















og ET SIERT TEE 
3 UN "UD AC MEUM. a 


Hold Pre-CAIG Meeting 


Discuss Approach/Issues 


TUE Y 
SOULS 






Agree on Reference System t 







$ 

e Present Ground Rules and Assumptions 

e Modify Standard Cost Element 
Structure d 

e Revise Approach Per CAIG ÉS 





Guidance 





a1 ud 


Prepare Estimate 

Determine Cost Estimating Methods 
Select/Construct Cost model 
Identify Data and Data Sources 
Estimated and Evaluate Relevant ‘ 
Costs x 
Assess Uncertainty 

Perform Sensitivity Analysis 
Document results 


ym x e 
Sexe Was he n 


ERSTES 


bat aude: SRDA uA a 





D I 


Present Results To OSD CAIG FE 


Prepare format Summaries 


Brief OSD CAIG 
Meet with CAIG Staff to 
Resolve Technical Issues 





Figure 4. O&S Cost-Estimating Preparation Process 


B. ANTERIOR/CURRENT RESEARCH AND APPLICATION 


A research article of the RAND Corporation entitled “An Estimation of USAF 
Aircraft Operating and Support Cost Relations” by Gregory G. Hildebrandt and Man- 
Bing Sze (May, 1990), analyzed O&S costs for theU.S. Air Force aircraft using a 
combined database from the Air Force VAMOSC system. This RAND research 
examined the WSSC of VAMOSC and related the information in the Air Force database 
to other Air Force management information systems. Simultaneously, the research also 
developed cost estimating relationships that explained the O&S cost of the VAMOSC 
system on the basis of aircraft characteristic and operating tempo variables. 

In the earlier research, the research from RAND discussed the Air Force 
VAMOSC system and developed a cost-estimating relationship for the time period 
1981-1986. It used average annual O&S cost data to develop a statistical model for U.S. 
Air Force aircraft. Similar models will continue to be used in the structure of AF aircraft 
and will be examined in O&S cost per aircraft. 

In this study, we will apply the same approach which was developed in the 
earlier model and employ aircraft data from 1990 to 1998 in this new analysis. We first 
review the definitions of O&S cost. A formal definition of O&S cost has been developed 
by OSD(PA&E) and the services. This definition is being implemented in the VAMOSC 
database of the service. We then discuss the relation between O&S cost and key 
explanatory variables that parallel the estimated relationship of the earlier study. 
Specifically, O&S cost per aircraft is related to aircraft characteristics (flyaway costs, 


design age, flying hours and optempo). The separate effect of the number of aircraft in an 


MDS on O&S cost per aircraft is also examined. We will develop the cost-estimating 
relationship using the Ordinary Least Squares (OLS) statistical procedure. The new 
results will be compared with the results of the earlier analysis. As indicated above, we 
show that flyaway costs and flying hours continue to have a statistically significant effect 
on O&S cost, but that the magnitude of the effect has changed. Unlike the earlier study, 
however, fleet age is the only marginally statistically significant. 

With no standardized O&S cost-estimating methodology currently available 
for U.S. Air Force aircraft fleets, O&S cost estimates are generated on an normal basis 
by the Air Force’s cost community using a range of techniques. Agencies like the Air 
Force Cost Analysis Agency have become historical data collection points and analytical 
hubs for the determination and calculation of O&S cost estimates. This thesis aims to 
develop an O&S cost model that can be used by cost analysts to generate robust annual 
O&S cost estimates for use in such various areas as LCC estimation, the analysis of 
alternatives, and force structure analysis. 

C. The U.S. AIR FORCE COST ANALYSIS AGENCY 

The Air Force Cost Analysis Agency (AFCAA) is one of four DoD cost centers 
which develops Component Cost Analyses (CCAs) in support of major Air Force 
programs, or those deemed as being of “special interest”.10 Its primary mission is to 
perform CCAs and guide and strengthen cost analysis with the Department of Air Force 


(DoAF); to ensure the preparation of credible cost estimates of the resources required to 


10 The three other DoD cost centers are the OSD CAIG, the U.S. Naval Center for Cost 
Analysis, and the U.S. Army Cost and Economic Analysis Center. 


develop, procure and operate military weapon systems and forces in support of planning, 
programming, budgeting and acquisition management; and to perform such other 
functions and tasks as may be directed by higher organizations. 

AFCAA maintains a close working relationship with the OSD CAIG and helps 
AFCAA to remain aware of the cost risks in the process of cost estimating and analysis. 
AFCAA is organized into five estimating divisions: 


e AFCAA/FMA —Aircraft and weapons Division 

e AFCAA/FMI-—Information Technology Division 

e AFCAA/FMS—Space Technology Division 

e AFCAA/FMF—Force Analysis Division 

e AFCAA/FMR—Research and Resource Management Division 

These divisions of AFCAA work to develop factors and perform estimates 
focused on Air Force long range planning, and provide the aircraft data for use in 
independent cost analysis. 
D. THE PRIMARY COMPONENTS IN COST ELEMENTS OF VAMOSC 

This section will discuss the cost element structures (CES) used in producing 

O&S cost estimates. These elements included in each structure define the O&S functions 
and resource categories associated with particular categories of defense systems. The 
VAMOSC database is one source of historical cost data specifically directed by DoDD 
5000.4.10. One of VAMOSC’s objectives is to enhance the visibility of O&S costs for 
the military major weapon systems for use in DoD cost analysis. By authority of the OSD 
CAIG, the validated VAMOSC data should be used to calculate the O&S costs of a major 
weapon system. 


The CAIG is tasked by DoDD 5000.4 to establish substantial guidance on the 


preparation and presentation of cost estimates. This responsibility includes the definition 
and development of a standard of elements for O&S cost estimates. A standard cost 
element structure promotes consistency in preparing and displaying estimates, and 
enables the CAIG to focus on high-cost/high-risk areas that have the greatest gearing on 
DoD major weapon systems for future O&S costs. In addition, a complete estimate of 
O&S costs will typically include the costs of personnel, consumables, goods, and 
services, and sustaining support and investments associated with the peacetime operation 
of a weapon system. 

A generic cost element structure (CES) is presented in the following CAIG 
mapping (see Figure 5). The CES for each weapon system category is designed to meet 
the needs of most CAIG reviews. However, the basic structure may have to be modified 
to accommodate the special features of some weapon systems. If a change is required in 
the standard CES for a program requiring Defense Acquisition Board (DAB) review, the 
DoD component preparing the estimate should work with CAIG to determine what cost 


elements to include and apply in the DoD and USAF major weapon systems. 


CAlG ELEMENTS MDS to Wing/Base 


1.0 Mission Personnel PE allocation to MDS 


2.0 Unit-Level Maintenance 
3.0 Intermediate Maintenance 
4.0 Depot Maintenance 

5.0 Contractor Support 

6.0 Sustaining Support 

7.0 Indirect Support 





Figure 5. CAIG Element Mapping 


1. Mission Personnel 


The mission personnel element includes the cost of pay and allowance of 
officer, enlisted, and civilian personnel required to operate, maintain, and support a 
discrete operational system or deployable unit. This includes the personnel necessary 
to meet combat readiness, unit training, and administrative requirements. For units 
that operate more than one type of aircraft system, personnel requirements will be 
allocated on a relative workload basis. The personnel costs will be based on 
manning levels and skill categories. !2 

The costs associated with aircrews and maintenance personnel are collected at 


the MDS level. However, Command Staff and Other Unit Personnel costs incurred 


12 According to Air Force Operating and Support Cost Element Structure, Pay and Allowances for 
officer and enlisted personnel should be based on the standard composite rate, which includes the 
following elements: basic pay, retired pay accrual, incentive pay, variable housing allowance, 
hazardous duty pay, uniform/clothing allowances, overseas station allowances, and social security 
contributions. 


by a command at a particular base are allocated for unit command, administration, flying 
supervision, operations control, planning, scheduling, flight safety, aircrews quality 
control, etc. All these resources are allocated to the aircraft MDS using a proportion 
calculated by applying the MDS’s shares of command/base flying hours and possessed 
aircraft. 

2.  Unit-Level Consumption 

Unit-level consumption includes the cost of fuel and energy resources; operations, 
maintenance, and support materials consumed at the unit level; stock fund allocating 


reimbursements for depot-level repairable; operational munitions expended in training; 


transportation in support of deployed unit training; temporary additional duty/temporary 
duty (TAD/TDY) pay; and other unit-level consumption costs, such as purchased services 
for equipment leased and service contracts. 

The unit-level cost of both petroleum, oil, and lubricants (POL) and training 
munitions/stores are available at the MDS level. Maintenance material, however, 


is allocated using the MDS’s share of command/base maintenance hours. 
3. Intermediate Maintenance (External to Unit) 


Intermediate maintenance performed external to a unit includes the cost of labor 
and material and other costs expended by designated activities/units in support of an 
aircraft system and associated support equipment. Intermediate maintenance activities 
include ion repair, replacement of parts, components, or assemblies, and 


technical assistance. 


4. Depot Maintenance 

Depot maintenance includes the costs for labor, material, and overhead incurred 
in performing major overhauls or maintenance on aircraft, their components, and 
associated support equipment at centralized repair depots, contractor repair facilities, or 
on site by depot teams. Some depot maintenance activities occur at intervals ranging from 
several months to several years. As a result, the most useful method of portraying these 


costs 1s on an annual basis (e.g., cost per aircraft system per year) or an operating-hour 
basis. !? 


Costs of major aircraft sub-systems that have different overhaul cycles (1.e., 
airframe, engine, avionics, armament, support equipment) are identified separately 
within this element. 

5. Contractor Support 
Contractor support includes the cost of contractor labor, material, and overhead 


incurred in providing all or part of the logistics support required by an aircraft system, 


subsystem, or associated support equipment. Contractor maintenance is performed by 
commercial organizations using contractor personnel, material, equipment, and facilities 
or government-furnished material, equipment, and facilities. Contractor support may be 
dedicated to one or multiple levels of maintenance and may take the form of interim 
contractor support (ICS) if the services are provided on a temporary basis or contractor 


logistics support (CLS) if the support extends over the operational life of a system. Other 


13 The cost to depot-level repairable (DLRs) or exchangeable acquired through the Defense 
Business operations fund (DBOF) should be reported in element 2, Unit-Level Consumption. 
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contractor support may be purchased for engineering and technical services. 

After the ICS period, the government assumes responsibility for supporting a 
weapon system. However, contractor support may still be employed in specific functional 
areas, such as sustaining engineering, software maintenance, simulator operations, and 
selected depot maintenance functions. Applicable contractor costs should be reported 


against these element in the Cost Element Structure (CES). 


6. Sustaining Support 

Sustaining support includes the cost of replacement support equipment, 
modification kits, sustaining engineering, software maintenance support, and simulator 
operations provided for an aircraft system. War readiness material is specifically 
excluded. The costs incurred to replace equipment that is needed to operate or support an 
aircraft, aircraft sub-systems, training systems, and other associated support equipment. 


The support equipment being replaced (e.g., tools and test sets) may be unique to the 


aircraft or it may be common to a number of aircraft systems, in which case the costs 


must be allocated among the respective systems. 


7. Indirect support 

Indirect support includes the costs of personnel support for specialty training, 
permanent changes of station, and medical care. Indirect support also includes the costs 
of relevant host installation services, such as base operating support and real property 
I intsnancet Normally, the costs of acquisition for recruiting, accession, and basic 


military training will not be included. However, if a significant change in service 
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recruiting and training objectives is required in order to support the system being 
assessed, then these costs should be addressed.!? 

Furthermore, the allocation of Miscellaneous Operations and Maintenance costs 
1s similar to installation support personnel with the exception that the relevant base 
Miscellaneous O&M costs are also identified as a significant phase in the cost elements. 
E. CHAPTER SUMMARY 

In this chapter, we describe the operating and support (O&S) cost estimating for 
aircraft systems, and briefly discuss the RAND’s study in the past research relevant to 
aircraft O&S costs. Simultaneously, we compare the differences and approaches between 
anterior research and current research, and will continue to extend to aircraft data and 


examine the further analysis for aircraft O&S cost models. 


We believe that the development of highly aggregating cost estimating 
relationships to explain operating and support costs is relevant for explaining the total 
aircraft O&S costs. We define the process, the primary elements, and the role of AFCAA 
through the cost element structure and the VAMOSC system. Indeed, there has been an 
increased emphasis on O&S costs in recent years. Independent reviews and validation of 
O&S estimates is critical to informed decision making on major systems that will require 


the commitment of O&S funds for many years into the future. 


14 According to the cost elements structure, the follow-on training costs of military and civilian 
personnel attending factory school, as well as the cost of attending Service conducted school- 
house specialty training, are O&S costs and should be reported in this element. Normally, the cost 
of initial course development and training of Service instructors at contractor facilities is 
categorized as a system investment cost. 
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IIl. DATA ANALYSIS OF VAMOSC INFORMATION 


In this chapter, the development of an aircraft O&S cost model begins with the 
several steps through the VAMOSC information system. These steps must be taken to 
develop an empirical model using this database. First, it is necessary to examine the 
VAMOSC data which has been collected, normalized, and evaluated from the Air 
Force Management Information System. Second, the database must be supplemented 
with information on potential key variables not contained in VAMOSC, so that we may 
clearly see what trends exist in aircraft O&S cost estimating relationships. Finally, in 
order to validate the specific assumptions postulated for the aircraft of VAMOSC, one 
must estimate and specify the empirical relationships among the observations collected. 
A. INFORMATION 

To obtain consistency of the data over the 1990-1998 time period, certain data 
points and cost elements were eliminated from Air Force VAMOSC: helicopters, 
obsolete aircraft, and full-service contract aircraft. As we discussed in the previous 
chapter, we did not include any type of helicopters (rotary wings) in our research, but 
focused only on the fixed wing aircraft. The obsolete aircraft and full-service contract 
aircraft, eliminated include the A-7D, F-4G, B-52G, some types T-38A, and some MDS 
which do not included any of this cost information or flying hours in the VAMOSC data 
set, it should be noted that some MDS were used in ground training activities without 
actual flying hours. 

There are four major categories of O&S costs used to define selected dependent 


variables (see Figure 6). One dependent variable—the bottom line—is total O&S costs 


per aircraft. This total O&S cost consists of pay and allowances of military and civilian, 
fuel, depot maintenance, and other operating maintenance (O&M) categories in per 


aircraft O&S costs. !5 
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Figure 6. Fundamental Categories of Dependent Variables in Cost Model 


(O&S) COST 





Sia On tpe M alo SH) AMBIENT aa SR Rn id ABA AAA ete Be 





B. DATA SOURCE AND COLLECTION 

VAMOSC aircraft data was provided by the Air Force Total Ownership Cost 
(AFTOC) on a spreadsheet from the Air Force's VAMOSC database. The database 
contains the total annual O&S cost by MDS and by cost elements of VAMOSC. 
Historical aircraft MDS are available'in VAMOSC from 1990 to present. Not all costs, 


however, are directly collected at the MDS level; some must be allocated. The necessary 


15 As indicated above, the “other O&M” category includes replenishment spares, maintenance 
material, training ordnance, indirect personnel support, and general depot support. 
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cost allocations are typically based on flying hours and total active inventory (TAI) and 
may attempt to identify the marginal cost of certain activities.16 In our data, the costs 
and related information of data sources are systematically formulated by the AFTOC 
Data Warehouse (see Figure 7). This elements of AFTOC also contains the associated 
CORE model that employs the planning factors for estimating aircraft per active duty 


USAF Squadrons in operating and support costs. 





-AFTOC Data 





Supply 
(All Other) 






Mil/Civ 
Personnel 






Figure 7. The Structure of Data Sources of AFTOC 


16 Total Active Inventory (TAI): Aircraft assigned to operating forces for mission, training, 
testing, or maintenance. Includes primary, backup, attrition, and reconstitution reserve aircraft. In 
some cases, such as when delivery schedules are slipped the total number of aircraft in operation 
might be less than the authorization. (TAJ= Primary + Backup + Attrition aircraft). 
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In order to normalize this data, it is necessary to convert the collections in then- 
year dollars to 1998 dollars using DoD price deflators .!7 Because an important issue is 
the potential for the increased use of VAMOSC data in development of O&S planning 
factors, the total annual O&S costs are broken down into component cost elements in 
accordance with the VAMOSC defined Cost Element Structure (CES).18 Table 2 
summarizes the data sources employed in the construction of the cost estimating model. 
For this analysis, we employed a subset of the aircraft mission design series in VAMOSC 
for the period 1990-1995. These aircraft were selected for comparability with a previous 


RAND study. However, all MDS were used from 1996-1998. 
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Table 2. Data Source for Cost Estimating Relationships 





17 These factors will be updated annually. 


18 See Figure 3 and p.p 14-18 to review and understand the Costs Element Structure (CES) for 
further knowledge in aircraft O&S cost. 
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C. DESCRIPTIVE STATISTICS 

For this research, we collected data of aircraft, and O&S cost data over the entire 
1990-1998 period. In the earlier RAND research, there were 400 observations contained 
in the database, and the aircraft was categorized by Cargo, Fighter/Attack, and Other 
years (see Figure 8). We found that approximately one-half of these MDS were cargo 
aircraft; somewhat less than one-half of MDS were fighter/attack. The “other” category 
amounts to less than 15 percent of the total and included the bombers in addition to such 
trainers and observation aircraft . 

We summarized the aircraft MDS from 1990 to1998, Figure 8 shows that 
Cargo/Tanker and Fighter/Attack aircraft MDS include 313 observations. Other has 
155 observations in our retained database. !9 

Figure 9 summarizes the percent of data associated with each aircraft type 1990- 

1998. When we examined this data, we determined that it was appropriate to distinguish 


between the 1990-1995 data and the 1996-1998 data. 


19 The term of “Other” refers to Bomber, Trainer and Electronic in which we define them as 
Other category in this statistical data. This is consistent with the use of “Other” in the previous 
study. 
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Aircraft types 





Carga/Tanker Fighter/Attack Other 


aircraft data for 1981-1986 
(N=400) 


Figure 8. The Composition of Aircraft Data for 1981-1986 
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aircraft types for 1990-1998 (N=418) 


Figure 9. The Composition of Total Aircraft Types in Data Set 
for 1990-1998 


The descriptive statistics associated with the two periods is displayed in Figure 10. 


Source: AF VAMOSC 
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Figure 10. The Percent of 1996-1998 vs. 1990-1995 Data Points 


D. CHAPTER SUMMARY 


In the previous chapter we have indicated, and briefly introduced the 
definitions and elements of aircraft O&S costs. We also described the data sources and 
displayed totally descriptive statistics in thıs chapter. Such descriptive statistics are 
necessary before proceeding to the next chapter in which Cost-Estimating models are 
estimated. 

Conclusively, the more the aircraft, the higher the total annual O&S 
expenditures in MDS level. As major cost drivers, the variables were selected 


because of their evident relevancy to historical aircraft and costs. 








IV. AGGREGATE O&S COST DATA ANALYSIS 


We turn now to the issue of whether VAMOSC O&S costs can be related to key 
explanatory variables (cost drivers). Another issue that is very important is understand 
the nature of the aircraft inventory measure contained in VAMOSC. As discussed before, 
VAMOSC contains possessed aircraft by MDS type.2° We first discuss the relationship 
between O&S cost, key explanatory variables that parallel the estimated relationship of 
RAND's earlier research for 1981-1986. 


A. INTRODUCTION 
In this analysis, we first review the definition of operating and support (O&S) 


cost which was discussed in Chapter II of this study. A formal definition of O&S has 
been developed by OSD and the military services. This definition is being implemented 
in the AF aircraft VAMOSC database. When we discuss the relationship between O&S 
cost and the key explanatory variables, we need to briefly discuss the structure of cost 
estimating relationships, depicted in Figure 11. Specifically, O&S cost per aircraft as 
related to aircraft characteristics, such as flying hours per aircraft, total aircraft inventory 


(TAI), flyaway cost per aircraft, and design mission age. 


20 According to AFR 173-13, PAA represents the aircraft authorized to a unit for performance of 
its operational mission. The PAA form the basis for allocation of manpower, support equipment, 
and flying-hour funds. The operating command determines the PAA required to meet the 
assigned missions. In contrast, PAI is defined as the aircraft assigned to meet the primary aircraft 
authorization(PAA). 
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Figure 11. Basic Structure of Cost Estimating Relationships 


Both data and statistical analysis issues must be addressed when developing a 


cost estimating relationship. In this chapter, we discuss several major issues 


that emerged during our analysis, and we will also compare the differences with earlier 


research using Ordinary Least Squares (OLS).?! 


21 See An Estimation of USAF Operating and Support Cost Relations, p.25-30. 


Using regression analysis, we address these statistical issues. The new results are 
compared with the results of earlier analysis, and we show that flyaway costs and flying 
hours continue to have a statistically significant effect on O&S cost, but that the 
magnitude of the effect has changed. 

B. SPECIFYING COST-ESTIMATING METHODS 

Before we produce a multiplicative CER, several steps must be completed in 
developing a cost estimating relationship. We first set the basis formula for developing 
Cost-Estimating models, and consider a model of the general form as follows: 

yao" a) 

in this model, the magnitude for a particular prediction depends on the value of the 
independent variable. A transformation both the cost driver (or more) and cost data with 
natural logarithms to equation (1), Such a mode indicates that one percent change in the 
exponent any variable X, results in a B percent — in the dependent or predicted 
variable y” 

Ordinary Least Squares (OLS) regression 1s performed by taking the natural 


logarithm in both sides of Equation (1) and obtain the following form: 
N , " : 
YAS P o p X (2) 


^ p P m a 
Where Y ' -In(Y). X = In(X ).ana p, In(a ) 


Once we set up the fundamental formula, we can further expand this fundamental 
formula to several explanatory variables versus dependent variable O&S cost for 
developing a cost estimating relationship. As indicated in the previous chapter, the cost 
estimating relationship must be specified; data must be obtained from different sources; 
and the empirical relationship must be estimated. The following cost relationship is 


specified: 


OÓLS ^ DR Flyhours?' - TAI? - Flyaway?? - exp?» (3) 


Where O&S and Flying Hours are per aircraft. 

TAI = total aircraft inventory. 

MD Age - aircraft average age at MD level. 

We hypothesize, therefore, that the cost-estimating relationship has an exponential 
form. The explanatory variables (cost drivers) are flying hours per aircraft, a measure of 
optempo; the total number of aircraft in inventory, which allows for the possibility of 
economies or dis-economies of scale; flyaway cost, the aircraft characteristic reflecting 
re-manufacturing in O&S activities; and the fleet age of aircraft at the mission design 
level which allows for the effect of physical deterioration on cost. 

The exponents, 81-84 are elasticies which indicate the percent change in 
O&S cost per aircraft when there is a one percent change in the relevant explanatory 
variables, other explanatory variables will be held as constants. The coefficient 4 


represents the proportionate change in cost per aircraft when fleet age increases by one 


year .2? Similar to the earlier study, we can translate Eq.(3) to obtain a model by 
taking the logs in both sides of the equation. The following equation 1s obtained using 
this procedure and is the basic specification used to estimate O&S cost per aircraft. 
Variables have been added to Eq.(3) to allow for the possibility that aircraft types 
(MDS Types) and IOC Year (MDS IOC) affects O&S cost per aircraft. 
AS 
In(O&S/AC)-Bo--81 *In(FH/AC)* B2*In(TAD+ 83*In(Flyaway)-* 84* MDS Types 
+BS*MDS IOC+B6*MD_Age (4) 
The OLS regression achieves the best linear unbiased estimates (BLUE) of the 
regression coefficients provided certain assumptions are satisfied. The assumptions 
that are particularly relevant to analyzing the VAMOSC data with both cross-section and 
time-series data are that the variance of the error is constant and there 1s no serial 
correlation between successive observations over time. The constant variance 
assumption, called homoscedasticity, implies that the conditional variance is a constant. 
OF POTENTIAL INDEPENDENT VARIABLES 
In this section, we describe the independent variables used in our regression 
model. These independent variables are important factors when we investigate different 
models by removing critical variables. These independent variables are described as 


follows: 


22 The multiplicative nature of the relationship allows for the possibility that the change in O&S 
cost per aircraft resulting from a change in one variables depends on the level of the other 
variables. This functional form may also attenuate the effect of heteroscedasticity. 


1. Flying Hours 


In the VAMOSC data base, certain O&S costs are allocated to aircraft MDS 
using flying hours and the number of possessed aircraft. Figure 12 indicates that this is a 


modest association between Ln Cost ac and Ln Hour ac. 


LCOST AC 


Rsq = 0.1214 





LHOUR_AC 


Figure 12. Association between O&S/AC vs. Flying Hours/AC 


2. | Flyaway Costs 


We know that O&S costs are not allocated to aircraft MDS levels based on 
flyaway cost. However, Figure 13 shows that the association between Ln O&S cost per 


aircraft and Ln flyaway costs is even stronger than the associations between Ln O&S cost 


per aircraft and Ln flying hours per aircraft. 


LCOST_AC 


Rsq = 0.2935 
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Figure 13. Association between O&S/AC vs. Flyaway Cost/AC 


3. The Number of Aircraft 


It is important to understand the nature of the total aircraft inventory (TAD 
measure contained in VAMOSC. In our aircraft data, VAMOSC contains aircraft 
possessed or owned by all the Air Force commands. 


4. Aircraft Fleet Ages 


The aircraft fleet age in our study represents the average age at the MD level. 
As indicated in Figure 3, System Life Expectancy O&S Phases, has shown the different 


O&S cost facing the Air Force with increasing years for each aircraft. When increasing 


the average age at the MD level, usually the O&S costs per aircraft will increase 
depending on the system life expectancy. 

5. Types of Aircraft 

In order to categorize aircraft types, we specify the aircraft types as three 
types, Fighter/Attack, Cargo/Tanker, and Other. Table 3 provides data for the three 


aircraft types. 


Aggregate MDS Types for 1990-1998 
Frequency Cumulative 
Percent 


Table 3. Composition of Aircraft Types in The Data Base 













D. REGRESSION MODELS 
We now review and examine the results obtained. As we are interested in 
determining whether major categories of aircraft have an independent effect on operating 
and support costs, we explicitly identify aircraft types as Fighter/Attack and 
Cargo/Tanker using dummy variables. 
In this section, there are three main regression models considered for our study. 


This includes a regression with all variables, a regression with flyaway only as a proxy 
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for aircraft type and IOC year, and an equation with the flyaway variable excluded, but 
all other variables included. We return to equation (4) of the previous section which 
contains all explanatory variables. 

Equation (4) will be our most complete statistic model between total O&S 
costs per aircraft and explanatory variables when we run regression models. First, we 
run the regression of total O&S Costs with all independent variables. The summary of the 
results obtained for the model are reported in Table 4. 23 

For further analysıs of this model, we can examine the residuals. Figure 14 

depicts whether the residuals error is normally distributed in the regression model. This 


will be the case if the points are close to the indicated 45-degree line. 


23 See Probability and Statistics for Engineering and Science. The R-Square (the coefficient of 
determination) measures the proportion of variation in Y (predicted value) that is explained by the 
independent variables . 
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For 
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a. Dependent Variable: LCOST AC 
b. R-Square-0.579 N=418 











Table 4. The Coefficients with All Independent Variables 
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Figure 14. The Normal Probability Plot 


In Figure 15 ıs shown the plot of residuals versus predicted value for O&S 


cost per aircraft. No evidence of heteroscedasticity is apparent in this residual plot. 
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Figure 15. The Plot of Residuals vs. Predicted Value for 1990-1998 


For the second regression, we will eliminate the statistically insignificant MDS 
IOC variable and the two dummy variables(Fighter/Attack and Cargo/Tanker), and retain 


the other variables. The coefficients of independent variables are shown in Table 5. 
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Coefficients 
Unstandardized t Sig. 
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a. Dependent Variable: LCOST_AC 
b. R-Square=0.565 N=418 




















Table 5. The Coefficients of Basic Regression Model 


For the third regression model, we remove the flyaway variable for 
another regression of O&S costs per aircraft. We display the coefficients of 


independent variables in Table 6. 


mm ——— 









Std. Error = 


For 

Fighter/Attack | -5.884E-02 -.368 
For 

Cargo/Tanker -.661 uo -4.168 


a. Dependent Variable: LCOST_ AC 
b. R-Square=0.366 N=418 
















Table 6. The Coefficients of Independent Variables without Flyaway Cost 
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E. PRESENTATION OF REGESSION RESULTS 
Finally, we summarize the three regression models shown in Table 7. 
This table shows the impact on O&S costs per aircraft of selected variables in the model 


with All Variables, Flyaway Only, and No Flyaway Variable, respectively. 


REGRESSION OF TOTAL O&S COSTS PER AIRCRAFT 


REGRESSION MODELS 


Model 1 Model 2 Model 3 
All Variables Flyaway Only | No Flyaway Variable 


Intercept 9.680 10.516 9.716 
LN AVE 0.809 0.681 0.969 
LN Number of -0.139 -0.118 -0.183 
LN Flyaway 0.375 0.375 
Fighter/Attack 0.185 
| Ommy | 0388) f 
Cargo/Tanker -0.235 -0.661 


(Dummy Variable) (-1.708) (-4.168) 
MDS IOC -2.976E-03 1.751E-02 











INDEPENDENT 
VARIABLES 




















(1944) (-0.368) (2.14) 
MD AVE 1. aE. 02 8.042E-03 1.007E-02 
Fleet Age (2.018) (1.812) (1.167) 





|  R-Square | O. = ae 0565| 565 Do — 3 366 
Observations 

Dependent Variable : LCOST AC 

Predictors : Constant, LFH/AC, LTAI, LFlyaway, Fighter/Attack, Cargo/Tanker, 


MDS IOC, and MD Age 
(t-statistics in parentheses) 







Table 7. Summary of Three Regression Models (1990-1998) 
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As we can see the regression results of the three models listed above can be 
derived as three special cases of equation (4). We summarize the three regression 
functions depicted in the table as follows: 

Model 1: All Variables 


^N 
LCOST/AC=9.68+ 0.809*LFH/AC — 0.139*LTAI+ 0.375*Lflyaway 
+0.185*F/A- 0.235*C/T-0.000298*IOC+ 0.00157*MD Age 


Model 2: Flyaway Only 


ZN 
LCOST/AC=10.516+0.681* LFH/AC-0.118*LTAI+ 0.375*Flyaway 
+0.000804*MD_ Age 


Model 3: No Flyaway Variable 
OR 
LCOS T/AC=9.716+0.969* LFH/AC-0.183*LTAI-0.00588*F/A 
-0.661*C/T+0.00175*10C+0.00101*MD_ Age 
Table 7 contains the results of three regressions in which the dependent variable 
is total O&S cost per aircraft. In the All Variables column, we reported the results 
obtained when total O&S cost per aircraft is regressed and all explanatory variables 
identified in Table 7. The variable of MDS IOC is not statistically significant in this 
regression, while the categorical variables of MDS types for Fighter/Attack and 
Cargo/Tanker categorical variables are somewhat more statistically significant than in 
the earlier study. The flyaway costs and flying hours per aircraft variable are very 
strongly statistically significant as was the case in the earlier study. As a result, we 


assume that it is appropriate to explore the extent to which flyaway costs can be viewed 


as a proxy for MDS IOC, and the categorical variables in this model. 
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In the next column, we remove the categorical aircraft type variables and MDS 
IOC, but retain the flyaway cost variable for a second regression model. For this 
“Flyaway Only” regression model, the coefficients of the variables retained in the 
“Flyaway Only” regression remain statistically significant and have coefficient value of 
0.375. This model is R-Square equals 0.565 and has not changed in value very much 
from the R-Square of 0.579 obtained in the Model 1. The retained variables are 
significant with stable coefficients, and this increases the confidence in the use of aircraft 
flyaway cost as proxy for MDS IOC and aircraft types. 

We also show in the “Flyaway Only” regression that a one percent indicate in 
flying hours per aircraft results in a total O&S cost per aircraft that is higher by 0.68 
percent. A one percent increase in flyaway costs increases O&S cost per aircraft by 
0.375 percent. As in the earlier RAND study, the total O&S costs per aircraft continued 
to be more responsive to increases in aircraft flying hours than to increase in flyaway 
costs. 

Next, we note that for the “Flyaway Only” model that a one-year increase 
in the MD fleet age indicate the total O&S cost per aircraft will increase by 0.8 percent. 
We show that a one percent change in the number of possessed aircraft reduced 
O&S cost per aircraft by 0.18 percent. 

Next we eliminate the flyaway costs; that 1s, remove the flyaway variable in the 
regression model, and reinsert the categorical variables and MDS IOC year. As shown 
in Model 3 of Table 7 with the exception of the Fighter/Attack variable, excluded in 


Model 2, all of the variable that were statistically insignificant in the All Variable of 
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Model 1 are now statistically significant. The R-square of this last regression is quite 
lower than the previous two models. Clearly, flyaway costs explains a significant 
proportion in the variation in O&S costs per aircraft. Further analysis is needed to 
determine why the Fighter/Attack variable is not statistically significant. 


D. CHAPTER SUMMARY 


O&S costs per aircraft directly relates to average flying hours, the number 
of aircraft, flyaway costs, and the MD fleet age. As a result, we can view O&S costs per 
aircraft as dependent on these four basic independent variables. Flyaway cost is a 
legitimate proxy for the type of aircraft (Fighter/Attack and Cargo/Tanker) and for MDS 
IOC year. This is consistent with the results obtained in the earlier study. 

From another view, because the R-Square of the regression without the flyaway 
variable is much lower than the other two values, we conclude that the flyaway 
costs can be viewed not only as a proxy for aircraft types and IOC year, but also for 
explaining much more of the variation in the O&S cost per aircraft than when these 
variables were included and flyaway cost removed. Therefore, the flyaway cost variable 


has very significant explanatory power. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
The parametric O&S cost models developed in this study using 1990-1998 data 
provide a capable and standardized method for explaining and predicting O&S costs per 
aircraft. The cost-estimating model shows the importance of flying hours per aircraft and 
flyaway costs in explaining variations in O&S cost per aircraft. 

These results are similar to those obtained in the earlier RAND study in which 
1981-1986 data was employed. This type of model, therefore, can be viewed as a useful 
decision-making tool to obtain a clearer understanding of the determinants of O&S 
cost. 

Operating and Support costs will continue to a be point of major concern, 
especially in light of DoD’s focus on modernization of U.S. military forces in a fiscal 
environment characterized by budget cutbacks. Therefore, a standardized method for 
estimating these costs is a helpful management tool. Further analysis into the causes of 
any real cost trends—particularly for decreasing trends—is recommended in this regard. 


The analysis presented in this research provides such a tool. 
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APPENDIX: 


REGRESSION MODEL FOR DUMMY VARIABLES FOR THE PERIODS 
1990-1995 AND 1996-1998 


INTRODUCTION 

As illustrated in the previous chapter, we used OLS regression to estimate 
and compare the current study (1990-1998) with the earlier study (1981-1986). In this 
appendix, we examine whether a different relationship holds for the periods 1990-1995, 
and 1996-1998. For the period 1990-1996, VAMOSC data for the identical aircraft MDS 
included in the RAND study were used; for the period 1996-1998, AFTOC data on all 
aircraft MDS were used. 

For period 1990-1995, a value of one is given to a dummy RARE called 
“OLD”, and a zero is assigned to the period of 1996-1998. We use this variable 
OLD, in a new regression to determine how the coefficients of independent variables 
change between the two periods. For contrast, the time period, 1996-1998 is called 
“NEW”. 
The Descriptive Statistics for “OLD” and “NEW” 

We first show the total frequency of “OLD” and “NEW” in order to understand 


the number of aircraft in each period. The results are displayed in Figure A-1. 
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Old:90-95 New 96-98 





300 
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er 
2 
LL 
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1990-1995 1996-1998 
Time Penod: 1990-1998 
Figure A-1. The Composition for 1990-1998 
REGRESSION ANALYSIS 


In this section, we examine whether or not different cost-estimating relationship 
apply to the two periods. We multiply the independent variables by the variable OLD 
(1990-1995) and include a separate dummy variable for 1990-1995 to determine if there 


is a change in the intercept. The results are presented in Table A-1. 
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Coefficients 


| Coeffciets | — ^ | t Sig | 


a de cm T 
1 


| (Constant) | 10.091 | 700 {14.448 .000_ 
[| LHOUR_AC | 606 | .131 |4680|.000 
— eor To 

|LCAPCOST | .409 | .062 |6.512|.000| 
Wo ace | 187E 02 | 07 12481015 


Dummy 7 593 904 1 569 118 
Variable 
(1990-1995) 


E E ae 

 OLDXTAL | -4.621E-04 | 000 |-1.178|.240 
— —-OLBXLCAP-| —3732E.02 | 084 1-8 157 
[ [OLDXMDAG | -93296-03 | .0098 |-.972 1.322] 


a. Dependent Variable: LCOST AC 
b. R-Square=0.667 N=418 

























Table A-1. Coefficients of Model including Dummy Variable 
for 1990-1995, and Interactions. 


The equation of O&S cost per aircraft for this model can also be represented as 


follows: 


LCOST/AC= 10.1+0.060*LFH.AC-0.0088*LTAI+0.409*LFlyaway+0.00188*MD AGE 
+1.593*D.V-0.009*OLFH-0.0046*OLTAI-0.00373*OLFlyaway 
-0.00933* OMDAGE 
where OLFH=OLD*LFH/AC 
OLTAI-OLD*LTAI 
OLFlyaway-OLD*LFlyaway 
OMDAGE-OLD*MD AGE 
In Table A-1, neither the intercept dummy variable nor the interaction variables 


are statistically significant. Therefore, we can conclude that the same basic relationship 


applies to the two periods. 
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